1. Introduction {#sec1}
===============

Fluted pumpkin (*Telfaria occidentalis*) is a leafy vegetable commonly used in folk medicine ([@bib17]). Evidence from several epidemiological studies concerning the use of its bioactive substances in a number of animal models, cell culture studies and clinical trials validate its immense pharmacological potentials ([@bib36]; [@bib24]; [@bib22]; [@bib41]). *Telfairia occidentalis* is popularly used in ethnobotany as antidiabetic, antihypertensive, antitumouric, antioxidant, immunodulator, antibacterial, antihypercholesterolemic, antiparasitic, anti-inflammatory and in the treatment of central nervous system-related disorders including convulsion ([@bib20]; [@bib28]; [@bib42]). Its leaves have also been reported to exhibit chemo-suppressive properties ([@bib42]). Aqueous extract of *T. occidentalis* leaves have been shown to offer hepatoprotection against garlic-induced oxidative stress ([@bib25]; [@bib21]; [@bib22]), while both its aqueous and ethanolic extracts have demonstrated hypoglycemic properties both in normoglycemic and alloxan-induced diabetic rats ([@bib39]; [@bib40]; [@bib32]).

Relative to most vegetables, its protein content is very high ([@bib3]; [@bib7]). According to [@bib13], leaves of *Telfairia occidentalis* are rich in minerals, antioxidants and vitamins such as thiamine, riboflavin, nicotinamide and ascorbic acid. Its young leaves are rich in magnesium and iron ([@bib6]) and can be used for treating anaemia due to its heamatinic properties ([@bib3]; [@bib41]).

Despite the vast potential usefulness of *Telfairia occidentalis,* its roots have been reported to be toxic both in the traditional parlance and from scientific reports ([@bib5]; [@bib1]; [@bib23]).). There is therefore a dire need to unravel the role of extraction solvent in its toxicity.

2. Materials and methods {#sec2}
========================

2.1. Materials {#sec2.1}
--------------

### 2.1.1. Collection of plant materials {#sec2.1.1}

Roots of *Telfaria occidentalis* were collected from Ora Ekiti, Ido/Osi Local Government Ekiti State, Nigeria. The plant material was washed, chopped, air dried and powdered using Master Chef Warring blender model MDL-MC-B919A from Pegasus Limited, China. The powdered root was kept in tightly closed containers and kept in the refrigerator prior to use.

### 2.1.2. Animals {#sec2.1.2}

Adult male wistar rats (200--250 g) from our own breeding colony were used. Animals were kept in separate animal cages, on a 12-h light:12-h dark cycle, at a room temperature of 22--24 °C, and with free access to food and water. The animals were used according to the National Institutes of Health guide for the care and use of Laboratory animals ([@bib19]). Ethical approval was obtained from the Committee on Care and Use of Experimental Animals, Department of Medical Biochemistry, College of Medicine, Ekiti State University, Ado Ekiti, Nigeria. Animals were placed into four groups of five rats each: Group I served as the positive control and were administered distilled water only while groups II, III and IV animals were administered 50 mg/kg body weight of aqueous, methanolic and diethyl ether extracts respectively for two weeks by oral gavage. At the end of the experiment, animals were fasted 24 h before sacrifice.

2.2. Methods {#sec2.2}
------------

### 2.2.1. Extraction of active principles {#sec2.2.1}

Dried pumpkin root weighing 137.3 g each was extracted with 250 ml each of methanol, distilled water and diethyl ether respectively for 72 h. Thereafter, the resulting mixture was filtered in sequence using a muslin cloth and Whatmann\'s filter paper, No. 1.0. The filtrates were left opened for 72 h to allow for complete evaporation of the solvents of extraction. The crude extract recovered after evaporation was stored in an airtight container in the refrigerator prior to use. The crude extracts were then reconstituted in distilled water and administered to the animals orally for two weeks.

### 2.2.2. Preparation of tissue homogenate {#sec2.2.2}

Animals weighing (230 g) were decapitated and dissected to obtain the liver. Ten percent homogenate of the liver was then prepared (by weighing 8.2 g of liver tissue in 82 ml of the homogenate) in 6.7 mM potassium phosphate buffer, pH 7.4, using Teflon homogenizer model 3431E10EA, Thomas Scientific, India. The liver homogenate was centrifuged at 10,000 rpm for 10 min at 4 °C. to obtain a clear supernatant which was kept at 8 °C. for subsequent analysis. Whole blood was collected by cardiac puncture into a serum bottles and the serum was obtained by centrifugation at 3000 rpm for 15 min.

### 2.2.3. Determination of total cholesterol {#sec2.2.3}

Total cholesterol in the serum and tissue homogenates were routinely determined following the method of [@bib30] using standard Fortress kit from England. Ten microliter (10 μl) of tissue homogenate was thoroughly mixed with 1 ml of working reagent (4-aminoantipyrine, cholesterol oxidase, cholesterol esterase and peroxidase dissolved in 50 ml of pipes buffer and phenol). The reaction mixture was incubated for 10 min at 25 °C. The absorbance of the sample against the blank was read at 546 nm. Total cholesterol (mM) was then calculated.

### 2.2.4. Determination of alkaline phosphatase (ALP) {#sec2.2.4}

Alkaline phosphatase was assayed following the method described by [@bib29] using standard Fortress kit from England. Five hundred microliter (500 μl) of substrate was equilibrated at 37 °C for 3 min. Fifty microliter (50 μl) of sample was added to the equilibrated substrate and incubated for 10 min at 37 °C. 2.5ml of colour reagent (mixture of NaOH, 0.09 M and Na~2~CO~3,~ 0.1 M) was added. This mixture was thoroughly mixed. Absorbance of the sample against the blank was read at 590 nm. ALP (IU/L) was then calculated.

### 2.2.5. Determination of aspartate transaminase (AST) {#sec2.2.5}

Aspartate transaminase AST was assayed following the method described by [@bib29] using standard Fortress kit from England. Briefly, 100 μl of homogenate was added to 500 μl of AST buffer, thoroughly mixed and incubated for 30 min at 37 °C. Thereafter, 0.5 ml of dye reagent (2,4-dinitrophenyl hydrazine, (2.0 mM) was added and the mixture was thoroughly mixed and allowed to stand for 20 min at 20 °C. Five milliliters (5.0 ml) of 0.01 M NaOH was then added and thoroughly mixed. Absorbance of the sample against the blank was read at 546 nm.

### 2.2.6. Determination of alanine transferase (ALT) {#sec2.2.6}

ALT was measured using standard Fortress kit from England according to the method of [@bib12] using standard Fortress kit from England. One hundred microliters (100 μl) of homogenates was added to 500 μl of ALT buffer, thoroughly mixed and incubated for 30 min at 37 °C in water bath. Five hundred microliters (500 μl) of dye reagent (2, 4 - dinitrophenyl hydrazine, 2.0 mM) was then added. This mixture was thoroughly mixed and allowed to stand for 20 min at 20 °C. Thereafter, 5.0 ml of diluted NaOH was then added and thoroughly mixed. Absorbance of the resulting mixture sample against the blank was read at 546 nm.

### 2.2.7. Determination of catalase activities (CAT) {#sec2.2.7}

Catalase activity in the serum and tissue homogenates were determined as described by [@bib34] using standard Fortress kit from England. Two hundred microliters (200 μl) of tissue homogenates was mixed with 0.8 ml distilled H~2~O to give 1 in 5 dilution of the sample. Five hundred microliters (500 μl) of tissue homogenate was rapidly mixed with the reaction mixture at room temperature by a gentle swirling. One milliliter (1 ml) portion of the reaction mixture was withdrawn and blown into 1 ml dichromate/acetic acid reagent at 60 s intervals. The hydrogen peroxide content of the withdrawn sample was determined by the method described above at 570 nm.

### 2.2.8. Determination of HDL-cholesterol {#sec2.2.8}

HDL-cholesterol was measured following the method described by [@bib9] using standard Fortress kit from England. Briefly, 5 μl of homogenate was added to 450 μl of Good\'s buffer (4-amino antipyrine, POD, ascorbic oxidase and anti-human lipoprotein Ab). This mixture was mixed well and incubated at 37 °C in water bath for 5 min. Thereafter, 150 μl of enzyme reagent (Good\'s buffer I, cholesterol esterase and cholesterol oxidase) was later added to the mixture and incubated for 5 min at 37 °C. Absorbance of the resulting mixture was then read against the blank at 600 nm.

### 2.2.9. Determination of LDL-cholesterol {#sec2.2.9}

Low density lipoprotein-cholesterol (LDL-chol) was determined by the method earlier described by [@bib8] using standard Fortress kit from England. Briefly, 5 μl of tissue homogenate was added to 450 μl of buffer solution (Good\'s buffer, cholesterol oxidase, cholesterol esterase, catalase, ascorbate oxidase, and peroxidase). This mixture was mixed well and incubated at 37 °C in water bath for 5 min. Absorbance 1 was measured at 600 nm. One hundred and fifty microliters (150 μl) of enzyme reagent R2 (Amino antipyrine and POD) was later added to the mixture and incubated for 5 min at 37 °C. Absorbance 2 of the sample against the blank was read at 600 nm.

### 2.2.10. Estimation of lipid peroxidation assay (TBARS) {#sec2.2.10}

Levels of thiobarbituric acid reactive species (TBARS) in the tissues and serum homogenates were measured according to the method of [@bib37] using standard Fortress kit from England. An aliquot of 0.4 ml of serum and other tissue homogenates was mixed with 1.6 ml of Tris-KCl buffer to which 0.5 ml of 30% trichloroacetic acid (TCA) was added. Thereafter, 0.5 ml of 0.75% thiobarbituric acid (TBA) was added and incubated for 45 min at 80 °C. The resulting mixture was then cooled on ice and centrifuged at 3000 *g.* The clear supernatant was collected and absorbance measured against a reference blank at 532 nm. The MDA level was calculated according to the method of [@bib2].

### 2.2.11. Superoxide dismutase (SOD) {#sec2.2.11}

Superoxide dismutase activity in both serum and tissue homogenates was determined by the method of [@bib18] using standard Fortress kit from England. An aliquot of the serum and/or tissue homogenates was added to 2.5 ml of 0.05 M carbonate buffer, pH 10.2 and the mixture was allowed to equilibrate for 2 min in a spectrophotometer. The reaction was then started by the addition of 0.3 ml of freshly prepared 0.3 mM adrenaline to the mixture which was quickly mixed by inversion. The reference cuvette contained all other assay components except the homogenates (s) and/or serum which was replaced with distilled water. Increase in absorbance at 480 nm was monitored every 30 s for 150 s.

### 2.2.12. Determination of total protein {#sec2.2.12}

Total protein content was determined using the Biuret method ([@bib10]) using standard Fortress kit from England. Briefly, 20 μl of homogenate was thoroughly mixed with 1 ml of Biuret reagent and incubated at room temperature for 10 min. Absorbance of the resulting mixture was read at 546 nm against the blank.

### 2.2.13. Statistical analysis {#sec2.2.13}

All values obtained were expressed as mean ± SD. The data were analyzed by appropriate ANOVA followed by Duncan\'s multiple range tests where appropriate and this is indicated in the text of results. The differences were considered significant at 95% confidence limit.

3. Results {#sec3}
==========

3.1. General observation {#sec3.1}
------------------------

Tables [1](#tbl1){ref-type="table"}, [2](#tbl2){ref-type="table"}, [3](#tbl3){ref-type="table"}, [4](#tbl4){ref-type="table"}, [5](#tbl5){ref-type="table"}, [6](#tbl6){ref-type="table"}, [7](#tbl7){ref-type="table"}, [8](#tbl8){ref-type="table"}, [9](#tbl9){ref-type="table"}, [10](#tbl10){ref-type="table"}, and [11](#tbl11){ref-type="table"} show the effects of root extracts of *Telfaria occidentalis* on animal weight, liver and serum of experimental animals. The extract caused an increase in body weight of animals relative to the control group ([Table 1](#tbl1){ref-type="table"}). Similarly there was an increase in liver weight/animal weight relative to the control group ([Table 2](#tbl2){ref-type="table"}). Meanwhile, there was a decrease in liver AST activity regardless of the solvent used for extraction ([Table 3](#tbl3){ref-type="table"}). However, there was an increase in AST activity in the serum relative to the control animals (group I) that were given distilled water only ([Table 3](#tbl3){ref-type="table"}). [Table 4](#tbl4){ref-type="table"} revealed a decrease in ALT activity in the liver homogenate of experimental animals relative to the control (group I). ALP activity was significantly decreased in the liver of experimental animals but increased in the serum ([Table 5](#tbl5){ref-type="table"}). Total cholesterol was significantly (P = 0.01) decreased both in the liver homogenates and serum of experimental animals relative to the control group ([Table 6](#tbl6){ref-type="table"}). A significant decrease in HDL-cholesterol was observed in experimental animals relative to the control animals ([Table 7](#tbl7){ref-type="table"}). On the other hand, a significant (P = 0.05) increase in HDL-cholesterol was observed in the serum relative to the control group ([Table 7](#tbl7){ref-type="table"}). [Table 8](#tbl8){ref-type="table"} showed a significant decrease and increase in the liver and serum respectively relative to the control animals (group I). A significant (P = 0.01) increase and decrease in superoxide dismutase activity was observed in the liver and serum respectively relative to the control animals ([Table 9](#tbl9){ref-type="table"}). [Table 10](#tbl10){ref-type="table"} showed a decrease in catalase activity both in the liver and serum of experimental animals relative to the control. An increase in MDA was observed ([Table 11](#tbl11){ref-type="table"}) both in the serum and liver homogenates of experimental animals relative to the control group. Generally, among the three solvents used for extraction, diethyl ether extract showed the highest effect in all parameters determined (Tables [1](#tbl1){ref-type="table"}, [2](#tbl2){ref-type="table"}, [3](#tbl3){ref-type="table"}, [4](#tbl4){ref-type="table"}, [5](#tbl5){ref-type="table"}, [6](#tbl6){ref-type="table"}, [7](#tbl7){ref-type="table"}, [8](#tbl8){ref-type="table"}, [9](#tbl9){ref-type="table"} and [10](#tbl10){ref-type="table"}). The only exception was in lipid peroxidation where highest MDA was observed in the aqueous extract relative to the control ([Table 11](#tbl11){ref-type="table"}).Table 1Effect of *T. occidentalis* extracts on weight of animals.Table 1Group IGroup IIGroup IIIGroup IVInitial weight of Animals (g)230.21 ± 1.20230.34 ± 2.15231.55 ± 3.50230.11 ± 5.30Final weight of animals (g)231.15 ± 3.22^a^233.44 ± 5.25[a∗](#tbl1fn1){ref-type="table-fn"}235.68 ± 4.46[a∗](#tbl1fn1){ref-type="table-fn"}238. 25 ± 3.60[a∗](#tbl1fn1){ref-type="table-fn"}[^1][^2]Table 2Effect of *T. occidentalis* extracts on liver-animal weight ratio.Table 2Group IGroup IIGroup IIIGroup IVLiver weight (g)6.01 ± 0.10^a^8.16 ± 0.13[a∗](#tbl2fn1){ref-type="table-fn"}8.72 ± 3.50[a∗](#tbl2fn1){ref-type="table-fn"}10.11 ± 5.30[a∗](#tbl2fn1){ref-type="table-fn"}Liver weight/Animal body weight (%)2.60^a^3.50[a∗](#tbl2fn1){ref-type="table-fn"}3.70[a∗](#tbl2fn1){ref-type="table-fn"}4.24[a∗](#tbl2fn1){ref-type="table-fn"}[^3][^4]Table 3Effect of *T. occidentalis* extracts on AST activity of selected tissues.Table 3Group IGroup IIGroup IIIGroup IVLiver21.88 ± 1.83^a^16.25 ± 0.90[a∗](#tbl3fn1){ref-type="table-fn"}15.88 ± 0.95[a∗](#tbl3fn1){ref-type="table-fn"}15.99 ± 0.96[a∗](#tbl3fn1){ref-type="table-fn"}Serum60.13 ± 6.67^a^65.73 ± 7.2969.89 ± 7.75[a∗](#tbl3fn1){ref-type="table-fn"}72.09 ± 8.00[a∗](#tbl3fn1){ref-type="table-fn"}[^5][^6]Table 4Effect of *T. occidentalis* extracts on ALT activity of selected tissues.Table 4Group IGroup IIGroup IIIGroup IVLiver25.06 ± 2.09[a](#tbl4fna){ref-type="table-fn"}20.77 ± 1.73[a∗](#tbl4fn1){ref-type="table-fn"}18.04 ± 1.50[a∗](#tbl4fn1){ref-type="table-fn"}20.18 ± 1.69[a∗](#tbl4fn1){ref-type="table-fn"}Serum63.80 ± 18.32[a](#tbl4fna){ref-type="table-fn"}78.50 ± 18.96[a∗](#tbl4fn1){ref-type="table-fn"}79.07 ± 18.99[a∗](#tbl4fn1){ref-type="table-fn"}79.54 ± 19.01[a∗](#tbl4fn1){ref-type="table-fn"}[^7][^8][^9]Table 5Effect of *T. occidentalis* extracts on ALP activity of selected tissues.Table 5Group IGroup IIGroup IIIGroup IVLiver34.39 ± 2.87[a](#tbl5fna){ref-type="table-fn"}24.82 ± 2.07[a∗](#tbl5fn1){ref-type="table-fn"}17.24 ± 1.44[a∗](#tbl5fn1){ref-type="table-fn"}14.93 ± 1.24[a∗](#tbl5fn1){ref-type="table-fn"}Serum58.69 ± 7.06[a](#tbl5fna){ref-type="table-fn"}60.99 ± 7.3361.96 ± 7.4562.22 ± 7.47[^10][^11][^12]Table 6Effect of *T. occidentalis* extracts on total cholesterol level of selected tissues.Table 6Group IGroup IIGroup IIIGroup IVLiver12.95 ± 1.08[a](#tbl6fna){ref-type="table-fn"}9.51 ± 0.79[a∗](#tbl6fn1){ref-type="table-fn"}8.54 ± 0.72[a∗](#tbl6fn1){ref-type="table-fn"}8.08 ± 0.68[a∗](#tbl6fn1){ref-type="table-fn"}Serum19.09 ± 2.29[a](#tbl6fna){ref-type="table-fn"}13.82 ± 1.66[a∗](#tbl6fn1){ref-type="table-fn"}11.05 ± 1.33[a∗](#tbl6fn1){ref-type="table-fn"}11.29 ± 1.36[a∗](#tbl6fn1){ref-type="table-fn"}[^13][^14][^15]Table 7Effect of *T. occidentalis* extracts on HDL-cholesterol level of selected tissues.Table 7Group IGroup IIGroup IIIGroup IVLiver9.40 ± 0.78[a](#tbl7fna){ref-type="table-fn"}3.83 ± 0.32[a∗](#tbl7fn1){ref-type="table-fn"}2.62 ± 0.22[a∗](#tbl7fn1){ref-type="table-fn"}2.57 ± 0.22[a∗](#tbl7fn1){ref-type="table-fn"}Serum16.51 ± 7.27[a](#tbl7fna){ref-type="table-fn"}71.40 ± 62.15[a∗](#tbl7fn1){ref-type="table-fn"}59.49 ± 51.23[a∗](#tbl7fn1){ref-type="table-fn"}78.79 ± 69.24[a∗](#tbl7fn1){ref-type="table-fn"}[^16][^17][^18]Table 8Effect of *T. occidentalis* extracts on LDL-cholesterol level of selected tissues.Table 8Group IGroup IIGroup IIIGroup IVLiver7.20 ± 0.60[a](#tbl8fna){ref-type="table-fn"}3.83 ± 0.32[a∗](#tbl8fn1){ref-type="table-fn"}3.72 ± 0.31[a∗](#tbl8fn1){ref-type="table-fn"}3.67 ± 0.31[a∗](#tbl8fn1){ref-type="table-fn"}Serum8.48 ± 1.92[a](#tbl8fna){ref-type="table-fn"}13.15 ± 2.9712.41 ± 2.8114.36 ± 3.25[a∗](#tbl8fn1){ref-type="table-fn"}[^19][^20][^21]Table 9Effect of *T. occidentalis* extracts on superoxide dismutase activity of selected tissues.Table 9Group IGroup IIGroup IIIGroup IVLiver11.13 ± 0.4016.51 ± 0.59[a∗](#tbl9fn1){ref-type="table-fn"}31.66 ± 1.13[a∗](#tbl9fn1){ref-type="table-fn"}28.78 ± 0.67[a∗](#tbl9fn1){ref-type="table-fn"}Serum73.54 ± 5.21[a](#tbl9fna){ref-type="table-fn"}45.74 ± 3.24[a∗](#tbl9fn1){ref-type="table-fn"}54.73 ± 3.87[a∗](#tbl9fn1){ref-type="table-fn"}79.09 ± 14.02[^22][^23][^24]Table 10Effect of *T. occidentalis* extracts on catalase activity of selected tissues.Table 10Group IGroup IIGroup IIIGroup IVLiver13.95 ± 2.72[a](#tbl10fna){ref-type="table-fn"}10.48 ± 2.04[a∗](#tbl10fn1){ref-type="table-fn"}11.43 ± 2.23[a∗](#tbl10fn1){ref-type="table-fn"}10.31 ± 2.01Serum15.47 ± 3.02[a](#tbl10fna){ref-type="table-fn"}11.59 ± 0.4814.46 ± 0.6118.84 ± 0.58[^25][^26][^27]Table 11Effect of *T. occidentalis* extracts on malonyldialdehyde level of selected tissues.Table 11Group IGroup IIGroup IIIGroup IVLiver11.74 ± 3.35[a](#tbl11fna){ref-type="table-fn"}28.66 ± 5.49[a∗](#tbl11fn1){ref-type="table-fn"}23.99 ± 5.04[a∗](#tbl11fn1){ref-type="table-fn"}20.47 ± 4.54[a∗](#tbl11fn1){ref-type="table-fn"}Serum16.51 ± 4.71[a](#tbl11fna){ref-type="table-fn"}19.26 ± 5.4917.01 ± 5.0415.93 ± 4.54[^28][^29][^30]

4. Discussions {#sec4}
==============

In the struggle for continuous survival in a given habitat, organisms have evolved multiple adaptive strategies to ward off their predators and/or other stressors within the ecosystem. One of these strategies is the synthesis of compounds that would be hazardous to potential predators in different plant parts depending on their vulnerability to attack. Perhaps, this may explain the differential edibility and/or otherwise of different parts of plants. Specifically, the leaves and seeds of fluted pumpkin is widely consumed due to its potential health benefits ([@bib28]). However, the root of the same plant is toxic and has been used traditionally as rodenticide ([@bib5]; [@bib35]; [@bib1]; [@bib4]). Several excellent reports have been made on the fruit and leaves of the plant ([@bib21]; [@bib13]), while reports on the toxicity of its root is scanty.

Administration of the root extract of *Telfaria occidentalis* resulted in a solvent-dependent increase in body weight of experimental animals and liver/animal weight ratio respectively relative to the control (Tables [1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"}). Hepatic damage is routinely monitored by assaying for specific liver enzyme biomarkers such as AST, ALT and ALP in the liver and serum of experimental animals ([@bib33]). In a healthy animal, these enzymes are normally located in the cytoplasm of the hepatocytes. However, they are released into circulation following hepatic damage. Expectedly, levels of these enzymes should rise in the serum but decreased in the tissues where they were originally localized prior to damage ([@bib38]). Level of AST was significantly increased in the serum of animals administered with the extract relative to the control animals ([Table 3](#tbl3){ref-type="table"}). This observation can be attributed to the damage caused by the root extract of *Telfaria occidentalis* on the liver cells causing the leakage of the enzyme from the hepatocytes to the blood consequently leading to a surge in its level in the blood. On the other hand, there was also a concomitant decrease in AST activity in the liver homogenate ([Table 3](#tbl3){ref-type="table"}). This was due to leakage of the enzyme from the hepatocyte, leading to a decrease in its activity. Arguably, leakage of an enzyme from a localized compartment should lead to a decrease in its amount while its level in the other compartment (recipient) should increase. Worthy of note however, is the fact that the damage was higher in the animals administered with diethyl ether extract when compared with methanol and aqueous extracts. The order of hepatic damage involving AST was: diethylether \> methanol \> water. This is an indication that more active toxic principles in the root are not water-soluble. Comparatively, diethyl ether is the most non-polar of the three solvents used for the extraction, hence, it can be inferred that most of the toxic principles causing the hepatic damage are non-polar. The same pattern of results was obtained for ALT ([Table 4](#tbl4){ref-type="table"}) and ALP ([Table 5](#tbl5){ref-type="table"}) in the serum and liver homogenates of the experimental animals for similar reasons.

Administration of *Telfaria occidentalis* root extracts caused a significant decrease in the level of serum cholesterol relative to the control animals ([Table 6](#tbl6){ref-type="table"}). Cholesterol is one of the major membrane lipids that are solely responsible for the structural integrity of the membrane. Within the limit of available data in the present study, some toxic principles of the plants root extract caused a deleterious alteration in the cholesterol of the liver cell membrane ([@bib14]). As a consequence, membrane fluidity and integrity were compromised consequently leading to the leakage of the specific liver enzymes that should be localized within the liver hepatocytes. Similarly, the cholesterol level in the serum was also decreased relative to the control animals ([Table 6](#tbl6){ref-type="table"}) for a similar reason*.* Noteworthy is the fact that effect of the extract on total cholesterol was highest in the group treated with the diethyl ether extract (Group IV) buttressing the fact that more of the toxic principles were non-polar and got extracted in the most non-polar solvent.

High density-cholesterol (HDL) and low density - cholesterol (LDL) are often routinely measured as markers of toxicity especially if the mechanism involves derangement of the lipid profile. HDL-cholesterol is a 'good cholesterol' as it is involved in the transport of cholesterol away from cells back to the liver for metabolism and excretion. On the other hand, LDL-cholesterol is a 'bad cholesterol' as it distributes cholesterol to all parts of the body ([@bib14]). HDL-cholesterol was significantly decreased in the liver relative to the control animals ([Table 7](#tbl7){ref-type="table"}). This is indicative of the toxicity of the root extract. Decrease in HDL-cholesterol suggests that the transport of cholesterol from the various cells to the liver was probably impaired, hence, by implication, hyperlipidemia is expected which could further trigger the onset of several cardiovascular disorders associated with high cholesterol levels ([@bib16]). On the other hand, serum LDL-cholesterol was significantly increased relative to the control animals ([Table 8](#tbl8){ref-type="table"}) suggesting an increase in the 'bad cholesterol' which may indicate the likelihood of hypercholesterolemia and its associated pathological disorders. Worthy of mention, however, is the fact that the pattern of increase in LDL-cholesterol was diethyl ether \> methanol \> aqueous extracts. This further buttressed the fact that the toxic principles of the root extract of *Telfaria occidentalis* are essentially non-polar.

Superoxide dismutase is an antioxidant enzyme that alternately catalyzes the dismutation of superoxide radical into either ordinary molecular oxygen or hydrogen peroxide ([@bib11]). This enzymic antioxidant was significantly elevated in the liver of experimental animals relative to the control animals ([Table 9](#tbl9){ref-type="table"}). This observation suggests that administration of *Telfaria occidentalis* root extracts triggered the generation of free radicals, specifically superoxide radicals, in the hepatocytes of animals. In order to mop up the radicals, there was a surge in the expression of superoxide dismutase in the liver to prevent the onset of oxidative stress. Since oxidative stress has been linked to the onset and progression of several pathological conditions, it suggests that free radical formation is the underlying mechanism of toxicity of the root extract of *Telfaria occidentalis*. It has been reported that superoxide dismutase is the major antioxidant enzyme offering protection against oxidative damage in the liver ([@bib31]. It is also plausible to mention that more radicals were generated when diethyl ether extract was administered because it is the most non-polar of the three solvents used for extraction.

Catalase is a preventive antioxidant enzyme located in the peroxisome of cell and plays an important role in the protection against deleterious effects of lipid hydroperoxide ([@bib15]). In contrast to superoxide dismutase, catalase level was significantly decreased in the liver and serum of experimental animals ([Table 10](#tbl10){ref-type="table"}). This observation implies the presence of toxic principles in the extracts that adversely affected the activity of catalase. It should be noted also that the effect of *Telfaria occidentalis* root was highest in the group administered with ethyl acetate extract compared to other solvents. This observation also agreed with earlier fact that more of the toxic principles were extracted in the diethyl ether extract making it the most toxic.

Lipid peroxidation occurs naturally in small amount by the effect of reactive oxygen species (ROS) which attacks polyunsaturated fatty acids of the membrane, initiating a self-propagating chain reaction (Ali *et al.*, 2014). In the present study, there was a significant increase in hepatic lipid peroxidation in experimental animals when compared to the control animals ([Table 11](#tbl11){ref-type="table"}). This suggests that lipid peroxidation is one of the mechanisms through which the toxic principle of *Telfaria occidentalis* root extract elicits its toxicity in the liver. This partly explains the leakage of specific liver enzymes such as AST and ALT from the hepatocytes to the serum as earlier discussed. Noteworthy however, is the fact that lipid peroxidation was not highest in animals administered with diethyl ether extract. Rather, MDA level was highest in the aqueous extract suggesting that more of the toxic principles responsible for lipid peroxidation in *Telfaria occidentalis* root are water-soluble ([Table 11](#tbl11){ref-type="table"}).

From the foregoing, toxicity of *Telfaria occidentalis* root depends largely on the solvent used for its extraction. However, non-polar solvents extracted more toxic principles than their polar counterparts, hence, toxicity increased with increasing non-polarity of solvent.
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[^8]: Represents significant difference from the control.

[^9]: At P = 0.02.

[^10]: Data is expressed as mean ± standard deviation.

[^11]: Represents significant difference from the control.

[^12]: At P = 0.05.

[^13]: Data is expressed as mean ± standard deviation

[^14]: Represents significant difference from the control.

[^15]: At P = 0.01.

[^16]: Data is expressed as mean ± standard deviation.

[^17]: Represents significant difference from the control.

[^18]: At P = 0.05.

[^19]: Data is expressed as mean ± standard deviation.

[^20]: Represents significant difference from the control.

[^21]: At P = 0.02.

[^22]: Data is expressed as mean ± standard deviation.

[^23]: Represents significant difference from the control.

[^24]: At P = 0.01.

[^25]: Data is expressed as mean ± standard deviation.

[^26]: Represents significant difference from the control.

[^27]: At P = 0.02.

[^28]: Data is expressed as mean ± standard deviation.

[^29]: Represents significant difference from the control.

[^30]: At P = 0.03.
